Stroke has long been recognised as a common cause of epileptic seizures, and indeed is the most common cause of seizures in adults aged ≥ 60 1 . Previous studies have shown that the frequency of seizures in stroke ranges between 2.3% and 19% 2, 3, 4, 5 .The outcome for patients having early-onset seizures is poor, with a high in-hospital mortality rate and a high incidence of status epilepticus (SE) 6 . Therefore, the role of stroke as an aetiological factor in SE is accepted 2 . SE is primarily observed in patients with a severe stroke. It can be a presenting symptom of acute stroke, and almost half of adult SE cases are caused by combined acute and remote symptomatic cerebrovascular disorders 1 . SE occurs in 20.7% of patients at stroke onset, in 11.7% of patients at late-onset and at very late-onset in only 2.1% of patients 7 . In addition, stroke patients suffering from SE have worse outcomes than patients who do not experience seizures, and mortality rates in stroke patients with SE can also be higher 3, 4 . There are several challenges when treating stroke patients with SE, including increased mortality, concomitant diseases, lack of evidence supporting the use of various treatment options and a high rate of adverse effects. Therefore, treatment of epileptic seizures and SE is very important in patients who have suffered strokes, and such treatment should be rapid-acting and with few side effects.
Convulsive status epilepticus (CSE) is the most common and life-threatening form of SE 6 . It is observed in 0.2% of patients after ischaemic stroke, and occurs more often than nonconvulsive SE 4, 8 . Several studies have shown that intravenous (IV) sodium valproate (SV) is effective in the treatment of CSE, although the correct dose to administer when treating repetitive seizures remains controversial 9, 10 . Previous studies that have evaluated the efficacy of SV in treating SE have described various causes of SE; there is no clear evidence regarding the SE that develops during the acute period after ischaemic stroke. Moreover, the efficacy of SV in the treatment of CSE that develops after stroke has not been fully elucidated. Therefore, in this study, we evaluated the efficacy of SV in treating CSE that develops in the acute period following stroke.
METHOD
The study population was derived from the SE Data Bank of Fırat University Hospital, Turkey, and this included all SE patients (n = 151) admitted to the hospital from January 2007 to October 2013. This hospital-based data bank included information regarding the duration and type of SE, underlying factors, such as structural deficits or medical pathologies, and demographic data. We included only patients who had experienced ischaemic stroke, and excluded patients with a history of seizure, pseudoseizures, nonconvulsive SE, subarachnoid haemorrhage, head injury, hypertensive and metabolic encephalopathy, diabetic ketoacidosis, acute/chronic renal and liver failure, malignant hypertension, arteritis, fever and cerebrovenous thrombosis. As a result, we included only 19 of the 151 identified patients.
All patients underwent a CT scan at admission, a second scan after 24-72 h and further scans when necessary. All patients with ischaemic stroke were investigated using Doppler carotid ultrasonography, transthoracic echocardiography, and 24-hour holter electrocardiography if a cardioembolic stroke was suspected. In all patients, liver function and whole blood tests, plasma urea, creatinine, electrolyte and plasma glucose levels were measured on admission and after 48 h.
An experienced neurologist evaluated neurological deficits on admission. The degree of functional disability was graded using a modified Rankin scale (mRS) before SE, but only one patient's mRS was graded after SV treatment 11 . In addition, patients were again evaluated during hospital discharge (outcome).
The diagnosis was based on direct observation of seizures by the medical staff at the time of hospitalisation, the patient's history provided by his or her neurologist, reliable descriptions obtained from ambulance personnel when seizures occurred during transportation, or on observations of close family members when seizures occurred at home.
According to the 1981 classification criteria, CSE was divided into generalized convulsive status epilepticus (GCSE), complex partial secondary-generalised convulsive status epilepticus (CPS-GCSE), and tonic status epilepticus (TSE)
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. In addition, patients with refractory status epilepticus (RSE) were identified 12 . Diazepam (DZP) was given at a rate of 10 µg/kg/min and was increased by 10 µg/kg/min every 5 min until SE control or a maximum dose of 100 µg/kg/min was reached. After DZP treatment, 20 mg/kg in 100 ml of IV saline-infused SV was administered over 15 min, following which, a loading dose/continuous infusion was administered at a rate of 2 mg/kg/h as the maintenance dose for 12 h. After discontinuation of IV infusion, a maintenance IV dose of 400 mg every 8 h was continued. Refractory status epilepticus (RSE) was accepted as a diagnosis for continuous seizures not responsive to DZP and SV.
Adverse local effects (burning, pain and phlebitis at injection site) and systemic effects (low blood pressure, heart rate disorder and respiratory suppression) were also monitored. All patients also received general medical management, including oxygen, cooling, electrolyte balancing, prevention of complications and other symptom-relief treatment, such as mannitol, acetyl salicylic acid, and clopidogrel. None of the patients were administered t-PA.
EEG recording devices were not appropriate in some circumstances so EEG was performed 6 to 48 hours. All patient's therapy was started clinically. An EEG was carried out at the end of seizure for 15 patients, during seizure for two patients, and two patients did not undergo an EEG. EEGs were considered abnormal when burst-suppression pattern, focal, lateralised or generalised slowing or epileptiform discharges were present.
The stopping of SE table in patients was confirmed by the clinical cessation of seizure activity. In addition, in order to electrographically evaluate nonconvulsive SE, EEG was carried out using a device in the intensive care unit.
Statistical analysis
Analysis of data was carried out using SPSS 21.0. For continuous variables such as age and time of start of SE, descriptive statistics were calculated and reported as mean ± SD. The paired t-test was used to compare the values of means.
RESULTS
A total of 19 patients were deemed eligible for, and were included in, the study. Cardioembolic stroke was observed in seven patients, and large artery atherosclerosis was observed in 12 patients 13 .
We found that seven patients had GCSE, 10 had CPS-GCSE and two had TSE. The mean age of the patients was 71.05 ± 11.0 (age: 58-90 years). Infarct was observed in the entire hemisphere to A. carotis interna stenose in two patients, at the A. cerebri media (MCA) region in 13 patients, and in the temporal regions in four patients (Table 1) .
We observed an allergic reaction during the SV infusion in one patient, and a significant decrease in blood pressure in a different patient. The infusion was discontinued in these two patients, and they were excluded from the study. Of the patients who completed the study, 10 were female and seven were male.
We found that SV treatment halted SE in 63.15% (12) of the patients. Following the development of ischaemic stroke, the onset of SE was 33.55 ± 26.75 hours. The average of mRS before SE was 3.21 ± 1.22, and outcome mRS was 3.23 ± 1.09. The average time it took for SV to control SE was 17.91 ± 4.98 min.
RSE developed in five of the patients, and two of them died. Of the five patients in whom RSE was detected, the Rankin score was 5 in four of the patients and 4 in one patient. Infarct was observed in the left hemisphere of four of five patients in whom RSE developed, and in the right hemisphere of one patient.
EEG findings revealed periodic lateralising epileptiform abnormalities in six patients, focal slowing in five patients, generalised slowing in four patients and a burst-suppression pattern in two patients.
We observed an increase in alanine aminotransferase, aspartate aminotransferase and ammonia values, a decrease in glucose, platelets and sodium values and no statistically significant differences in patients' white blood cell and amylase levels. However, we did not observe deterioration in liver and kidney function tests, thrombocytopenia, and hyponatremia (Table 2) .
DISCUSSION
In the present study, SV treatment halted SE in 12 (63.15%) patients. Some previous studies have shown that there is no relationship between the occurrence of SE and gender, age, stroke risk factors, stroke type (ischaemic or haemorrhagic), stroke topography and stroke cause, cortical involvement or size of lesion in patients with stroke 14 . However, damage to the cerebral cortex is widely considered to be a sine qua non for the development of epilepsy, and indeed epilepsy is rare in strokes that occur in the posterior fossa or deep white matter 14 . Several studies have shown that cortical involvement is a risk factor independent of infarct size; in other studies it was associated with large infarcts 15, 16 . In our study, we observed infarct in an entire hemisphere in two patients, in the region corresponding to the irrigation area of MCA in 13 patients, and in the temporal regions in four patients. Our findings may indicate that a large infarct area, including the temporal region, may be important for the development of SE. Likewise, infarct was shown in the left hemisphere in four of five patients in whom RSE developed, and in the right hemisphere in one patient. We more frequently observed RSE in patients with left hemisphere lesions. However, we cannot speculate on the possible causes of this, since many factors contribute to the development of RSE.
Rankin scale is very important in the assessment of disability in patients with stroke 11 . Our patients' outcome average mRS had increased in a similar manner to that reported in previous studies 3, 4 . In addition, we found that the patients with high mRS did not adequately respond to IV SV treatment, and the development of RSE occurred more frequently in these patients; those patients with low mRS responded far better to this treatment.
RSE occurs in up to 44% of all patients with SE
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.The mortality of RSE is at least 16%-23%, and again depends on age and aetiology 18 . It is treated with coma induction using anaesthetics such as propofol or barbiturates. RSE developed in five of our patients, two of whom died.
The National Institutes of Health warn patients taking SV about the risk of serious or life-threatening damage to the liver and pancreas that is associated with the use of this drug 19 . Case presentations have shown that SV causes hypotension and allergies, but that it is a safe and effective drug, despite these side effects 10, 20, 21 . In our study, two patients developed hypotension and hypersensitivity reactions. However, many complications developed in SE, and changes in metabolic parameters were also monitored during the course of stroke. Although changes were statistically observed in some parameters in the assessment carried out 48 h after treatment, thrombocytopenia and hyponatremia with liver dysfunction and liver failure did not develop in any of the patients in our study.
Phenytoin is recommended as the first-line antiepileptic drug for SE, and its metabolism may be affected by other drugs, which increase phenytoin blood levels and toxicity
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. Tiamkao et al. showed that the time to seizure control and number of non-dependent patients was increased, and duration of hospitalisation and number of deaths was reduced, with SV treatment compared to phenytoin treatment. In our study, the average time at which SV halted SE was similar to that observed in their study. In addition, these authors reported that SV is non-inferior to intravenous phenytoin as the first-line treatment in SE, with no significant cardiovascular compromises, and that SV may be used in elderly patients with cardiovascular risks or hepatitis
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. Moreover, having little interaction with other drugs and with linear kinetics, SV has an advantage over phenytoin in this respect. SV may be also similarly be more effective and safe than phenytoin in the elderly with SE.
Our study had some limitations. It was a retrospective study, and the number of patients used was small. In addition, EEG was not performed at the start of seizures, meaning that SE was evaluated more clinically than electrographically.
Development of SE after ischaemic stroke is a very rare condition that may be associated with numerous factors. According to our observations, SV may be effective in the treatment of CSE that develops during the acute period after ischaemic stroke, especially in patients with a low mRS. However, strict monitoring should be conducted with regard to hypersensitivity and hypotension. In addition, we observed that SV was less effective in the treatment of RSE, but that RSE was more frequently identified in patients with a high mRS. 
